Mutant dihydrofolate reductase-thymidylate synthase genes in pyrimethamine-resistant Plasmodium falciparum with polymorphic chromosome duplications.
We have identified dihydrofolate reductase (DHFR) gene point mutations and chromosomal changes in pyrimethamine-resistant mutants selected in vitro of Plasmodium falciparum strain FCR3. A pyrimethamine-resistant derivative of the pyrimethamine-sensitive strain FCR3, FCR3-D8, that had been grown in the absence of pyrimethamine for an extended time, was grown in two concentrations of pyrimethamine, and surviving drug-resistant parasites were subcloned. One selected mutant, FCR3-D81, that grew at 1 X 10(-6) M pyrimethamine, contained a single point mutation in the DHFR domain which caused an amino acid change (Phe to Ser) at amino acid 223, whereas another mutant, FCR3-D85, that grew at 5 X 10(-6) M pyrimethamine had that same mutation and an additional point mutation that changed amino acid 54 (Asp to Asn). The selection of FCR3-D85, whose nucleotide sequence was identical to that previously reported for FCR3-D8, confirmed that the original FCR3-D8 parasite population had changed during extended growth in vitro in the absence of drug pressure. FCR3-D81 and FCR3-D85 cells contained different pairs of polymorphic chromosomes that hybridized to a DHFR-TS probe as well as to three other chromosome 4 specific DNAs, indicating that at least part of chromosome 4 had been duplicated and that these parasites were aneuploid with 15 rather than 14 chromosomes. The mutant DHFR-TS genes were diploid. We consider the roles of the polymorphic chromosome duplications and DHFR point mutation(s) as causes of pyrimethamine resistance.